M-learning projects sustainability: Guidelines to address it by Casany Guerrero, María José et al.
175Journal of Research and Practice in Information Technology, Vol. 45, No. 3/4, August 2013
 Copyright© 2013, Australian Computer Society Inc. General permission to republish, but not for proﬁ t, all or part of this 
material is granted, provided that the JRPIT copyright notice is given and that reference is made to the publication, to its 
date of issue, and to the fact that reprinting privileges were granted by permission of the Australian Computer Society Inc.
 Manuscript received: 19 January 2013
Communicating Editor: Francisco José García Peñalvo
1. Introduction 
Information and Communications Technology (ICT) is regarded as a powerful tool for development 
(United Nations, 2001; WSIS, 2005; UNESCO, 2005). Nevertheless, most ICTs face many problems 
in developing countries, partly due to lack of adequate infrastructures. But despite those problems, 
there is one current technology that is widely used and expanding in developing countries: the 
mobile phones.
For many people in developing countries, mobile phones are the only computing device people 
may have and they are becoming, in fact, the portable networked computers (Banks, 2008; Peña-
López, 2008). Moreover, mobile phones have features that make them diﬀ erent from other ICT. 
They are small, portable and have batt eries with a strong autonomy. Unlike desktop PCs, mobile 
phones require fewer infrastructures, they are easier to maintain and they are more resistant to 
heat and dust. Besides, in developing countries, mobile owners use them also for other purposes 
such as lanterns, since public illumination coverage is very low and many homes do not have 
electric power supply. In places where there is no electricity, recharging service is oﬀ ered through 
street kiosks that charge cell phones with ingenious systems such as car batt eries or dynamo 
powered bicycle (Peña-López, 2008).
Studies show that the digital divide and development are related. The use of smartphones and wireless data 
networks is becoming widespread in both rich and poor countries, outpacing the adoption of other Information 
and Communications Technologies, such as wired communications and personal computers. Specially, 
mobile telephony is already providing a toolkit to fi ght the digital divide in poor countries since they are used 
to gett ing information and services about agriculture, health, and education among other areas. Many 
studies and experiences state the usefulness of mobile phones in the area of education in order to help achieve 
universal primary education. But most of these experiences have serious limitations that aﬀ ect their long-
term sustainability. In this line, the current paper provides a set of guidelines to defi ne more sustainable and 
long-term viable mobile-learning projects and shows its applications to an m-learning project: the Moodbile 
project.
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The Information Society Report 2011 published by the International Telecommunication Union (ITU, 
2012), stated that developing countries are experiencing an important increase in the use of mobile 
phones: “Between 2010 and 2011, mobile-cellular subscriptions registered continuous double-digit growth 
in developing country markets. The number of mobile-cellular subscriptions increased by more than 600 
million, almost all of them in the developing world, to a total of around 6 billion, or 86 per 100 inhabitants, 
globally”.
The proliferation of mobile phones in developing countries is due to several factors. One of the 
most important is the relatively low cost of both the mobile terminal and the phone calls. In many 
countries of the world, it is possible to fi nd a mobile phone for a relatively low cost. This is due 
mainly to the existence of a second hand market that allows people from developing countries to 
buy a mobile phone for a low price. This second hand market starts in the developed countries, 
where people tend to change their mobile phone regularly. These terminals that are no longer 
used in the developed countries, are then sold in developing countries for a lower price (Banks, 
2008). Sometimes several people or groups of people have access to a shared mobile phone (Banks, 
2008). Moreover, in many African countries, after the privatization of telephone monopolies 
during the 1990s, new private operators speeded up the introduction of new mobile technology 
while reducing the price of phone calls at the same time (Shanmugavelan, Warnock and Sarkar, 
2009).
Another factor that has helped the spread of mobile phones in poor countries is their communication 
capabilities that allow people to keep in touch when separated by great distances. Mobile phones 
and wireless networking systems are also ideal for people living in remote areas where no fi xed 
communications infrastructure exists, and also for people moving around and changing their 
place of residence from time to time.
On the other hand, mobile technology has some drawbacks. In the fi rst place, some of the materials 
used to make electronic components to manufacture mobile phones (like coltan) are coming from 
limited resources. The extraction and exploitation of these materials can and, in fact, are producing 
social and economical confl icts over the control of minerals in the countries where those minerals 
are extracted (which are often poor countries) (Aparicio, 2003). Secondly, the planned obsolescence 
of technology (in general and mobile in particular) is another issue. Although there is a second 
and third hand market for mobile phones in poor countries, at the end, a lot of junk remains and 
has to be processed (Mooallem, 2008). Finally, although many mobile phone manufacturers have 
incorporated regulations to ensure workers’ rights and environmental preservation measures on 
the products they manufacture, such measures often do not apply to subsidiary companies (for 
example the company Foxconn).
These mobile technology drawbacks compromise its sustainability. The sustainability or sustain-
able development may be defi ned as the development strategy that meets the needs of the present, 
without compromising the ability of future generations to meet their own needs (United Nations, 
1987). The sustainability has several dimensions, namely: economical, environmental and social. 
The shortage of some materials in the mobile phones manufacture and the confl icts that arise over 
the control of these materials aﬀ ect the three dimensions of the sustainability. The accumulation 
of junk from mobile terminals aﬀ ects mainly the environmental dimension, and the non-insurance 
of workers’ rights aﬀ ect mainly the social dimension of the sustainability.
The expansion of mobile telephony in developing countries has allowed the appearance of a wide 
variety of mobile services. In developing countries, there is high demand for information related 
to health, agriculture and education. Part of this demand is now covered by mobile services. For 
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example, in the last years, SMS-based applications have covered the gap of mobile services, 
creating a huge market for SMS-based applications (Jaiswal, 2011). SMS are now widely used in 
developing countries, because the access price is low and the infrastructure available supports 
widespread SMS usage (Susanto and Goodwin, 2006). The low price of SMS messages and the 
availability of adequate infrastructure are the main reasons why SMS-based applications are being 
used in developing countries rather than mobile internet, which still has a very low penetration 
rate in developing countries (ITU, 2012).
Since mobile phones are usually the only computing device for people in developing countries, 
and considering that in these countries there is also a high demand of information related to 
education, mobile phones can become very useful to support educational processes. The use of 
mobile devices for learning is called m-learning (Sharples, 2007). There are currently many 
m-learning projects in developing countries (GSMA, 2010). But most of them are pilots or small-
scale projects based on external funding that lack the ability to be maintained, updated and 
extended locally in the long term. In this sense, such projects may not be sustainable since they 
meet the present needs but they may not ensure such needs for future generations.
In this context, this paper proposes a set of guidelines to implement more sustainable m-learning 
projects. The term sustainability applied to m-learning is applied mainly to the sustainability or 
durability of the software system itself. In the literature, the sustainability of the system may be 
defi ned as the ability of the m-learning software to survive a changing environment. This means, 
that the m-learning project may be able to survive further than the initial stage. Once the m-learning 
system has been released, mechanisms to be able to maintain the software updated and working 
in the long term must be created (Wingkvist, 2008; Downes et al, 2007).
This work is organized as follows: Section two presents the related work regarding m-learning in 
developing countries. Section three presents the main guideless to implement more sustainable 
m-learning projects. Section four presents the Moodbile project, as an example of the application 
of the guidelines and Section fi ve presents the conclusions of this work.
2. M-learning for Development
The rapid growth of mobile technologies and services in developing countries make academics 
and other professionals think that mobile technology has a great potential to help improving 
education and achieving universal primary education (one of the Millennium Goals proposed by 
the United Nations)1. Through the Institute for Information Technologies in Education (IITE), 
UNESCO has made a recent and important strategic commitment to mobile learning, which they 
see as key enablers in furthering the objectives of Education for All (GSMA, 2011). Mobile tech-
nology may also be used to fi ght against the digital divide as well as for sustainable development. 
The application of mobile technology to support learning is called mobile learning or m-learning. 
M-learning may be defi ned as the learning that takes place in diﬀ erent places or that takes 
advantages of portable technologies. The learner interacts with diﬀ erent types of technology 
(mobile or fi xed) while learning (Sharples, 2007).
Since mobile technology is widespread in many developing countries, it may be used to improve 
development, and as such it is known as mobile learning for development (m-learning4D). This 
section analyses the related work in this area as well as the challenges that m-learning faces in 
developing countries.
1 United Nations Millenium Goals. Retrieved from: htt p://www.un.org/millenniumgoals/ (accessed January 2013).
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2.2 Related Work
This section presents a review of some m-learning projects or initiatives for development in 
developing countries. The proposals have been organized in the following groups: 1) proposals of 
using m-learning to support the learning process, 2) proposals to analyse how m-learning can 
fi ght the digital divide, 3) proposals to study broadcast sustainable development values using 
mobile devices, 4) proposals promoting mobile technologies and services development at academic 
institutions, 5) proposals to fi ght against illiteracy using mobile devices and 6) proposals that 
analyse m-learning projects sustainability factors.
2.1.1. Proposals of Using M-learning Technology to Support the Learning Process
In this section, some examples that propose the use of mobile learning technology as a support in 
the learning process in developing countries are summarized.
Traxler and Leach (2006) developed two initiatives to support primary education in developing 
countries: the Digital Education Enhancement Project (DEEP – www.open.ac.uk/deep) and the 
SEMA project (htt ps://mobiledevelopmentintelligence.com/products/847-sema-project). The DEEP 
project carried out an initial study into the potential of ICT for teacher education in developing 
nations, working with teachers and institutions in Egypt and South Africa. The SEMA project was 
started in Kenya in 2003 to support school based teacher development. The SEMA project used 
SMS messages broadcasting for several purposes such as: delivering study guide material, content 
such as hints, tips or summaries, reminders or urgent messages about errata or cancellations. Both 
projects analyse the impact of mobile technologies in the pedagogy of teachers. Both projects use 
diﬀ erent hardware: the DEEP project uses PDAS and laptops while the SEMA project uses GSM 
mobile phones. Both projects conclude that the long-term sustainability of the project is one of the 
challenges of m-learning in Africa.
A second initiative to use mobile technology to support the learning process is Chandran’ study 
(2010). This study was conducted in the Vinayaka Missions Distance University and it analysed 
how mobile technology may aﬀ ect sustainable distance education in a multicultural context. The 
project selected some students of history, economics and political sciences to participate in an 
experiment conducted in a subject about public politics. The contents of the subject were organized 
in lessons and each student participating in the experiment had to prepare a list of questions and 
answers for a specifi c lesson. In addition, each student received the list of lessons prepared by the 
other students. Mobile phones were used to send lists of questions and answers via SMS messages 
and with att ached word fi les. Forums were used among students to discuss diﬀ erent aspects about 
lessons. One observation of this experiment was that students participating in the experiment got 
bett er grades than the rest of students of the subject not participating in the experiment. Therefore, 
the main conclusion of this experiment was that the use of mobile devices among students 
enhances students’ collaboration, interaction and academic results.
2.1.2. Proposals to Analyse how M-learning can Fight the Digital Divide
The digital divide, or the digital split, is a social issue referring to the diﬀ ering amount of 
information between those who have access to the internet (specially broadband access) and those 
who do not have access. In developing countries this digital divide is greater than within developed 
countries.
Several proposals had been developed to fi ght against the digital divide using mobile devices 
(Litchfi eld et al, 2007; Laouris and Laouri, 2008; Brown, 2005; Camfi eld et al, 2007; Ford and Botha, 
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2007). The fi rst and second proposals suggest that it is important to fi nd strategies to implement 
low-cost m-learning projects. Litchfi eld and his colleagues (2007) consider that some of the initial 
expectations of m-learning in developing countries have not been achieved because the projects 
are not yet consolidated. Even though it was necessary to have more time to analyse the results of 
their experiments, the authors proposed two strategies to fi ght against the digital divide: 
1) international community must promote initiatives to take low-cost tech to poor countries and 
2) poor countries must understand that tech is related to development. They must start to 
implement low-cost viable and mid term projects.
The work of Brown (2005) proposes a model for m-learning in Africa to help fi ght the digital 
divide. He states that m-learning may help learners from the third world in rural or remote areas 
whenever they have access to a mobile phone. In 2002, the University of Pretoria (South Africa) 
started an m-learning pilot that three existing programmes of the Faculty of Education adopted. 
This pilot project was launched based on the fact that 99% of the students had mobile phones and 
that most of them lived in rural areas with no fi xed ICT infrastructure. The pilot project used bulk 
SMS to provide students with basic administrative support. The SMS were used as reminders of 
important scheduled activities like contact classes, examination registration, as well as to notify 
publication of material to study. The project was successful because learners responded en masse 
and almost immediately on information provided by SMS-messaging. The alternative to SMS 
bulks, that is, using print and postal service to distribute the necessary information to students, 
would have been more than 20 times the cost of the bulk SMS. While SMSs provided just-in-time 
information, the posted information would have taken between 3 and 18 days to reach the learners. 
Main conclusions of the project were that: 1) m-learning is a supportive mode of education, 
2) m-learning provides fl exibility to diﬀ erent learning and lifestyles, and 3) the most appropriate 
mobile device for learners in Africa is the mobile phone.
The project One Laptop Per Child (OLPC) is another initiative to fi ght against the digital divide 
between rich and poor countries. The main goal of this project is to give the poorest children of the 
world one low cost computer to help them take advantages of ICTs. With this idea in mind, a new 
small durable laptop was created. This laptop has unique innovative features such as a unique 
design, resistance to adverse weather conditions, high autonomous batt ery, open source software 
and new minimalist interface. However, the OLPC project has some critics, the main one being 
that the OLPC project is solely a technological solution without an educational approach (Camfi eld 
et al, 2007). Since it is not an educational project there are not pilots that may be used as reference 
to evaluate the use of this laptop to fi ght the digital divide. Another problem of the OLPC laptop 
is its distribution model. In order to take advantage of scale economies and be able to sell the 
laptop for a low price, the countries that are interested in buying the laptop must buy large orders. 
This is a serious drawback because many countries are reticent to invest large amounts of money 
in this laptop especially when other companies oﬀ er similar laptops (such as Asus Educational 
PC) for a low price.
The MobiED project proposed to create an audio Wikipedia (Ford and Botha, 2007). The users may 
send terminology queries to the Wikipedia server using SMS messages from their mobile phones. 
The server answers the query with a phone call where a synthesizer reads the answers. If the term 
is not found, the user may contribute by dictating its defi nition. Due to the good results of the 
study, the authors explore the possibility of using m-learning as a de-facto platform in Africa.
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2.1.3. Proposals to Study the Broadcast of Sustainable Development Values using Mobile Devices
Proposals in this section are more concerned to promote and educate people to be aware about 
sustainable development value. In this case, two projects are considered since they introduce 
mobile technology and mobile applications with this purpose.
The work of Chen and Hsu (2007) constructed an m-learning module for sustainability in educa-
tion. A mobile device carrying self-guiding trip instructions was given to 14-year-old students to 
conduct a fi eld trip without the teacher. The goal was to visit fi ve viewpoints of damaged 
environmental areas in Taipei (Taiwan), caused by a bad usage of natural resources. The students 
were asked to collect fi eld data, such as pictures or interviews of local residents, to evaluate three 
scenarios regarding the future development of the aﬀ ected zone. The results of this experiment 
showed that teachers and students agreed that the m-learning application had helped them 
understand local environmental issues as well as concepts of sustainable development.
The project UbiGreen (Froehlich et al, 2009) is an initiative to analyse the transport habits in two 
North American cities. The study starts posing two tests (one online and the other mobile) to the 
people that participate in the study. The people participating in the study are interested in chang-
ing their habits to be more ecologically reponsible. Another goal of the study is to know which is 
the main motivation to drive to work instead of taking public transport. The results of these polls 
are used to design a mobile application called UbiGreen Transportation Display that semi-automati-
cally gets information about transportation habits of the person carrying the mobile phone. The 
main goal of this application is to motivate people to use more ecological means of transportation.
2.1.4. Proposals Promoting Mobile Technologies and Services Development 
at Academic Institutions 
Mobile technology is not restricted to the learners’ and teachers’ personal use. Academic institu-
tions should adopt it into design specifi c subjects on mobile services development and, why not, 
to the administrative management and communication with students. Two initiatives that consider 
these aspects are briefl y summarized.
The work of Mekuria (2008) and Mekuria and Rai (2008) describes the experience of a master’ 
programme in mobile computing developed at the Makerere University (Uganda). The aim of the 
master is to train students on the development of advanced mobile services adapted to the socio-
eco nomic situation of developing countries. This master programme provides students with 
know ledge to develop software applications and services for mobile devices, as well as to promote 
sustainable development. Sustainability is fulfi lled since, when students fi nish the master pro-
gramme, they go back to their home village with a mobile service to be tested by the people of the 
village. Students learn important knowledge on how to develop mobile services in a sustainable 
way.
Another project to promote studies to create mobile services is Mobitel (GSMA, 2011). It is the fi rst 
national mobile service provider in SriLanka. Mobitel fi rst trialled an m-learning platform 
facilitating the Faculty of Graduate Studies, at the University of Colombo, to deliver its diploma in 
marketing via m-learning.  Following the success of the trial, the m-learning platform was extended 
to more faculties.
2.1.5. Projects to Fight Against Illiteracy using Mobile Devices
People, and specifi cally, children that live in remote areas and have an itinerant life due to their 
parents work, have several diﬃ  culties in their schooling. They do not have access to primary 
181Journal of Research and Practice in Information Technology, Vol. 45, No. 3/4, August 2013
M-Learning Projects Sustainability: Guidelines to Address It
education and reading materials, and in most cases, their parents are also illiterate and have no 
possibilities to help them.
There are several initiatives and projects addressed to improve literacy (Kim et al, 2008) or other 
skills in specifi c subjects areas such as maths (Momaths) or English (Janala) (GSMA, 2011). Kim’s 
initiative (Kim et al, 2008) studied the possibility to introduce m-learning activities in groups of 
very poor children in South America. The main goal of this study was to analyse the social 
phenomenon of introducing m-learning activities in this context to help children learn to read. The 
experiment provided these children with mobile phones loaded with educational activities for 
children between 3 and 13 years old. These activities focus on learning the alphabet as well as 
other reading exercises at diﬀ erent levels of diﬃ  culty. Some of the observations of the study are 
that: children learned very quickly (in minutes) how to use the mobile phone; children that already 
read were able to tell the others the stories at the same speed as if they were reading in a book. 
These activities were amusing for children, provided them with access to some reading materials 
and improved literacy interest for children.
2.1.6. Studies that Analyse M-learning Projects’ Sustainability Factors
There are several factors that determine the sustainability of m-learning projects. Despite the fact 
that m-learning is becoming popular and many trials are being organized all over the world, there 
are many challenges to address, specially in developing countries. For example, a precondition for 
successful m-learning implementation is that technology should be widely available for massive 
usage. Sometimes, mobile operators and manufacturers of mobile handsets have litt le interest in 
sharing knowledge, experiences and applications, since there is no real revenue stream. The cost 
of introducing m-learning is still high because mobile internet is still expensive. These and other 
challenges that aﬀ ect sustainability of m-learning projects have been collected by (Zuga et al, 2006; 
Litchfi eld et al, 2007 and UNESCO, 2010).
Summary of related work
This section summarizes the main contributions and challenges identifi ed in the analysis of the 
related work regarding m-learning in developing countries.  
Contribution 
M-learning provides an alternative way to access contents. 
M-learning can help learn specifi c subjects. 
M-learning enhances collaboration and interaction. 
M-learning may be used to help undestand the values of sustainability. 
Mobile technology and services may be used to suport sustainable development. 
M-learning is a valid support method for education in remote areas where no fi xed 
infrastructures exist. 
Challenges  
Partial opposition to change the traditional practices of educational institutions. 
No motivation to change technology because many times it involves new requirements and 
changing the way of doing things.
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Need to spend much time in customizing and adapting materials and content to diﬀ erent types 
of devices or platforms. 
The cost of introducing m-learning is still high because hardware and internet connections are 
still expensive. It is necessary to fi nd low-cost solutions to maintain product sustainability. 
Many of the m-learning projects are pilots or small scale projects. It is necessary to defi ne 
projects with more impact. 
It is necessary to consider that there are diﬀ erent socio-cultural realities in order to create content 
and services for developing countries. 
Long-term sustainability is a key issue to the success of m-learning projects. 
Mobile phone companies show litt le interest in sharing knowledge and applications because it 
does not have direct benefi t. 
Poor countries need to understand there is a relation between technology and development. 
Table 1: Summary of related work
3. Guidelines to Deﬁ ne More Sustainable M-learning Projects
In this section, research trends in the application of information and communication technologies 
for development are analysed and the authors propose some guidelines how to apply such 
technology in the specifi c case of m-learning in developing countries.
3.1 Trends of M-learning for Development
According to Heeks (2009), Kelly (2007) and Donner et al (2008), in the near future, ICT application 
for development will be focused on 1) research on mobile devices, 2) evaluation of the potential of 
web 2.0 and FOSS (Free and Open Source Software) for poor communities, 3) study the integration 
of diﬀ erent types of ICTs, and 4) research in order to create more resources for poor local 
communities.
3.1.1. Research on Mobile Devices
A lot of research on mobile devices applied to education is being carried out. The previous section 
collects the related work regarding the use of m-learning in developing countries and as a result 
of this study, a set of opportunities and challenges of m-learning have been identifi ed.
3.1.2. Web 2.0 and FOSS
Web 2.0 and FOSS may have a positive impact on the implementation of m-learning projects. To 
implement m-learning projects, two key factors to ensure its success are to achieve local partici-
pation and collaboration. This idea is borrowed from Web 2.0 and FOSS practices. One of the 
characteristics of the social revolution of Web 2.0 is that internet users may no longer be passive 
information consumers; they may become information or content creators. This change is aﬀ ecting 
people all over the world, including developing countries. More active users that participate in the 
creation of information and knowledge arise. Moreover, according to Thomas (2010), Web 2.0 and 
FOSS practices have several elements in common, because collaboration and sharing of information 
are also characteristics of the FOSS movement.
Secondly, one of the challenges of m-learning projects is that it is necessary to fi nd low cost 
solutions to implement m-learning successfully in developing countries. Fortunately, nowadays, 
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there are many open source tools available for mobile devices that may be used. For example:
• Messaging tools. Tools to send and receive SMS, MMS and voice messages are included in this 
group.
• Tools to gather data. These tools are usually used to gather pool data and send it to a server for 
further analysis.
• Tools to create web contents adapted to mobile devices.
• Tools to access the web, e-mail or social networks from mobile devices.
3.1.3. Study the Integration of Different Types of ICTs
Learning Management Systems (LMS) are widely used and integrated in the educational processes 
of institutions in developed countries. But in developing countries the reality is very diﬀ erent: the 
use of LMS in particular and e-learning in general is in its infancy (Unwin, 2008). In spite of this, 
LMSs have a big potential to support blended learning in developing countries because they can:
• Facilitate access to information.
• Allow monitoring and supervision of distant learners.
• Provide a secure environment so that students can submit tasks and practices.
• Provide communication tools so that students and teachers may interact and communicate.
• Combine asynchronous and synchronous learning.
• Provide quality education, although the number of students per groups is high.
• Reuse contents.
• Facilitate the management of student’s records.
As a counter part, some challenges that face the LMSs in developing countries are: 1) students and 
teachers are not familiar with these platforms, and 2) a lot of work from the teachers that already 
teach many hours per week is required.
In order to overcome in part such limitations and take advantage of m-learning advantages and 
challenges in developing countries, one alternative is to integrate several ICTs. In this case, it 
seems reasonable to propose a LMS and m-learning integration. In order to achieve this integration, 
LMS should become open and fl exible environments (García-Peñalvo et al, 2011; Conde et al, 2013). 
This integration could extend the scope of the m-learning tools, projects or initiatives. According 
to GSMA (2011) mobile learning applications are most powerful when they are linked or integrated 
to an institutional LMS compatible with mobile devices. 
3.1.4. Research to Create More Resources for Local Communities
Finally, more resources and contents are needed for mobile devices. Even though, in recent years 
there have been an increased oﬀ er of mobile learning applications and resources, it is necessary to 
provide specifi c contents and tools more appropriate and adapted to local communities needs and 
experience.
3.2 Guidelines to Deﬁ ne More Sustainable M-learning Projects
Taking into account the m-learning trends identifi ed and summarized, the authors propose a set of 
guidelines to implement more sustainable m-learning projects. As defi ned previously, sustain-
ability applied to m-learning projects refers to the ability of the m-learning software to survive its 
initial stage. Therefore, to meet m-learning sustainable projects, the authors think it is necessary to:
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• Engage local motivation and participation. It is important potential users state and explicitly show 
their interest and motivation for the project, and that they will indeed will use. 
• Promote education in ICT to develop local capacities. The community members will need some sort 
of training exposure to ICT to further their understanding of the project. They need basic 
training on how to use mobile phones, on software and on handling information and services 
provided by these devices. The ability to be able to update and maintain the software systems 
with local capacity is important. Once the pilot project has fi nished, the project must have a 
plan to maintain its sustainability and it may have to be enlarged. This enlargement must be 
done locally. The gathering of the knowledge to develop and maintain mobile software may be 
an opportunity for people in developing countries to create new business opportunities and 
promote development. This can be accomplished by sharing the code (which is inherent to 
open source projects), providing quality knowledge bases (frequently asked questions, wikis, 
tutorials etc.) and providing online support.  
• Collaborate with external participants. This may be interesting especially at the beginning of the 
project where external funding is needed to start the project. 
• Use mobile technology as basic platform but integrate, if it is possible, with an LMS. The main 
technological component must be mobile phones, because it is the only ICT that most of the 
people in developing countries have access to. If it is integrated with an LMS, then the scope of 
the project may be widened.
• Use FOSS software. Advantages of using this type of software should be explained as well as the 
multiple FOSS resources available on internet. The use of FOSS software may help reduce 
implementation cost, and furthermore, the development of the project should be based on 
participation and collaboration.
• The software and the contents must be adapted to local language and socio-cultural situation. Otherwise 
it may not be used at all.
• Create a plan to guarantee fi nancial viability in order to guarantee the project’s sustainability.
• Local ownership. Some approaches to the implementation of m-learning have included sponsor-
ship from device manufacturers which has enabled organizations to provide whole cohorts of 
learners with devices. Although this is useful, it raises issues of ownership and sustainability. 
Another approach to provide devices to learners is assisting them to buy an inexpensive device 
(GSMA, 2011).
The previous guidelines try to address some of the challenges of m-learning for development 
found in the related work. Next, a brief description of how each guideline addresses these 
challenges is presented.
• Engaging local motivation and participation may be useful to motivate institutions from developing 
countries to start changing traditional practices because they may see the benefi ts involved in the change. 
It also may encourage these institutions to change technology and start using mobile phones.
• Promoting education in ICT to develop local capacities may help motivate institutions from developing 
countries to start changing traditional practices. It also may encourage these institutions to change 
technology and start using mobile phones. It may be useful to enlarge the scope of many small-scale 
m-learning projects as well because more resources may be available. Finally, it may help poor countries 
to understand that there is a relationship between education and development.
• Collaborating with external participants may be useful to lower the cost of m-learning introduction and 
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to reduce time spent in the adaptation of materials and contents to mobile devices.
• Using mobile technology as the basic platform integrated with other ICTs may be useful to enlarge the 
scope of many small-scale m-learning projects. They may benefi t from the innovation provided by 
mobiles and the success of other ICTs such as Learning Management Systems.
• The adaptation of contents to local language and socio-cultural situations is necessary to avoid 
information colonization from developed countries.
• Creating a plan to guarantee fi nancial viability is necessary to ensure the long-term sustainably of the 
project.
• Local ownership may help achieve long-term sustainability and guarantee that the project is actually 
used. This can help create larger projects with more impact.
The next section introduces the Moodbile project, as an example of the application of these 
guidelines. These guidelines help defi ne more sustainable m-learning projects.
4. The Moodbile Project
The Moodbile project (htt p://moodbile.org) is an open source m-learning project that tries to widen 
the scope of many m-learning projects by integrating the m-learning solution with an existing 
open source LMS (Casany, Alier, Mayol, Piguillem, Galanis, Conde, and García-Peñalvo, 2012), 
(Casany, Alier, Mayol, Piguillem, Galanis, García-Peñalvo, and Conde, 2012). With this integration, 
the m-learning application becomes an extension of the LMS, because it allows access to some of 
its features from mobile devices. Since many students have mobile phones, they could use them to 
access some of the features of the LMS in their learning.
The option to develop a custom LMS adapted to mobility was discarded because: 1) there are 
many widely used LMS already available on the market and 2) the cost to develop a custom LMS 
would be very high. Instead of create a new LMS, the authors selected an existing LMS that should 
be providing data to the m-learning application. The use of an existing LMS avoids initial 
reluctance to the project, because people interested in the project (educators, students etc.) do not 
have to learn how the new LMS works.
The Moodbile project selected an open source LMS because with open source LMSs: 1) the 
institution has control over the software, 2) the licence cost is quite low and 3) the open source 
licences allows modifi cations and improvements in the source code of the LMS (Itmazi et al, 2005). 
The selected LMS for Moodbile was Moodle, a widely used open source LMS, supported by a 
large international community, that has been translated to more than 75 languages and used by 
many Spanish educational institutions (Alier et al, 2010; Aberdour, 2007). 
4.1 Components of the Moodbile Project
This section describes briefl y the main components of Moodbile, to provide a bett er undestanding 
of the project. Moodbile has three major components: Moodbile Spec, Moodbile Server for Moodle 
and Moodbile clients.
The Moodbile Spec is a document that provides services specifi cation of the services oﬀ ered by 
Moodbile. These services provide m-learning applications with data from the LMS. The services 
provided by Moodbile have been classifi ed in four groups: basic services, course content services, 
personal content services and platform services. Such specifi cation and defi nition may be obtained 
from (Moodible_Spec, 2012).
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• Course services. To recover course data as well as user data. For example the retrieve the list of 
courses where the user is enrolled or a user profi le.
• Course content services. To recover course contents and activities. For example:
• Task services that allow the recovery of pending tasks as well as their submissions.
• Quiz services that allow the recovery of quiz data as well as their response.
• Forum services that allow access to forums, discussions and posts.
• Personal content services. To allow access to user personal data. These services include 
resource, blog, calendar, grades and messages services.
• Platform services. Includes two services: lang service that provides I18N services to develop 
applications that use the same language as the server and, fi le services that provides access to 
manage fi les in Moodle.
The second component is Moodbile Server for Moodle that implements the Moodbile Spec in Moodle. 
Moodbile Server for Moodle uses some tools already available in Moodle to provide data from the 
LMS to external applications. These tools are based on web services. Nevertheless, this set of web 
services is very basic and provides few functionalities. For this reason, an extension of these web 
services was done in the Moodbile project. The reason is that the web services provided by Moodle 
were not designed to be used from mobile applications and that these services provide very 
limited access to activities (such as forums, assignments, quiz etc.) and resources.
The third component is the set of Moodbile Clients. Three m-learning clients have been developed 
for Moodbile: an HTML client, an android-native application and an iOS client. The HTML 5.0 
mobile client application was developed to access Moodle services from a web browser on most 
smartphones in the market. This client uses CSS3 (Cascading Style Sheets) to create a lightweight 
client. The android-native application supports online and oﬄ  ine work when network coverage is 
not present or expensive. The android-native and iOS applications have persistent data storage for 
the contents retrieved from the Moodle server. The three client applications implement most of the 
functions described in the Moodbile Spec. When working oﬄ  ine this feature allows a quick access 
to the local contents using a memory cache. 
Figure 1: Moodbile client’s interface (from left to right: HTML 5 client, Android client and Ios client)
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4.2 Moodbile and Sustainability
The Moodbile project tries to be a sustainable m-learning project itself and it may also be used to 
promote a more sustainable development by helping achieving the Millenium goal of education 
for all.
Moodbile is a sustainable m-learning project because:
• This project has been developed by the SUSHITOS (htt p://sushitos.essi.upc.edu/) research 
group in collaboration with the GRIAL (htt p://grial.usal.es/) reserach group GRIAL of the 
Salamanca University and UPCnet (htt p://www.upcnet.es/). There is long term viability plan 
for the project because it is the technological base for other research projects that use the 
Moodle extension designed for Moodbile. These projects contribute to Moodbile with fi nancial 
eﬀ orts.
• It is an open source project and a collaborative project in which participate members of the 
previously mentioned research groups. As an open source project, it tries to promote colla-
boration. The system has a layered architecture, and has an extensible services layer that allows 
Moodle to interact with external applications. Therefore, third parts may extend this layer 
easily.
• Moodbile is an m-learning project that provides extensive documentation of the Moodle 
extension and mobile clients, so that others can extend this work (htt p://moodbile.org). 
Moodbile is also an m-learning project that may be used as a tool in furthering the objective of 
Education for All and fi ght against the digital divide and for sustainable development since:
• Mobile technology is the basic ICT platform of the project. As the Institute for Information 
Technologies in Education (IITE) stated mobile learning may be key enablers to achieve the 
goal of education for all.
• It is an open source project, so that it may be used and updated without cost.
• Moodbile has language extensions to facilitate its internationalization. Moodbile clients may 
be translated to all the languages available for the Moodle platform.
• The Moodle extension has an architecture that allows its scalability. New functionalities and 
connection methods can be added.
• The project may be updated and improved using the base code.
• In part, Moodbile has been created to solve Moodle usability problems in the small screen of 
mobile devices.
In this sense, it may ensure that Moodbile project is sustainable. Moodbile project was created 
taking into account all the guidelines proposed in this paper. Moodbile project has survived its 
initial stage, and the authors think it meets part of m-learning present needs and it may ensure 
such needs are met for future generations.
So far, it has been tested in several pilot tests to determine if providing an alternative way to access 
the Moodle classroom has a positive or negative impact, or does not impact at all in the learning 
process. The context of the pilot has been a Project Management Subject in the last year of the 
University of Salamanca Computer Science Degree. Specifi cally 40 students that use Moodle 
during the subject have been involved. During the pilot experience, the teacher proposed the 
students to post in a forum using their critical opinion about a method to estimate project costs 
based on use case complexity (Conde, 2012; Casany, Alier, Mayol, Piguillem, Galanis, Conde, and 
García-Peñalvo, 2012).
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5. Conclusions
In the next years smartphones are going to be nearly universally adopted, it could be stated that 
the computer of the future is a smartphone. Smartphones are starting to be a good asset for 
development, education and fi ghting digital divide. That’s why open source software of all kinds 
is needed, so sustainable development projects can rely fully on it. But open source projects have 
to be also sustainable. A list of guidelines that could help on that matt er is proposed in this paper. 
In this paper, the authors present the Moodbile project in the domain of open source projects for 
education in the mobile space. The Moodbile project aims to address the gap between the e-learning 
platforms and the m-learning world, proposing a solution to integrate the m-learning applications 
with the open source LMS Moodle. This project tries to follow the previously defi ned guidelines 
to create more long-term m-learning sustainable projects. 
As further work, the following research activities are considered: 1) To create pilots to validate the 
proposal in developed countries, specially in Université Polytechnique de Bobo-Dioulasso (UPB) 
in Burkina Faso. This university has a cooperation project with the Universitat Politicnica de 
Catalunya (UPC BarcelonaTech. 2) Since Moodbile is an open source project, feedback from the 
community is expected and authors plan to analyze it to improve Moobile. 3) To introduce student-
centred activities in Moodbile. These activities will take advantage of the mobile phone unique 
capabilities. They will also have a counter part in the LMS side (as mobile activities that the teacher 
may be able to create). 4) Analyse the log data generated from the previously student-centred 
activities to improve the learning process. Finally, authors plan to use the framework defi ned for 
Moodbile in the context of informal learning.
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